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Transgenic yeast expressing phosphatases for increase 
the effciency of producing prenyl alcohol 
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AB This invention provides a process of increasing prenyl ale. 

prodn. by transformation of phosphatases into yeast. The DNA and 
protein sequences of 6 phosphatase from different sources were disclosed. 
The expression of phosphate resulted in the activation of geranylgeranyl 
pyrophosphatase activity which assocd. with resulted the increase of the 
prodn. of prenyl ale. 
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This invention provides a process of repression of squalene synthase in 
Saccharomyces cerevisiae to increase the efficiency of prodn. of prenyl 
ale. The repression of squalene synthase expression was complemented by 
replacing the promoter of squalene synthase gene into GAL1 promoter. The 
isopentenyl diphosphate synthesis pathway assocd. enzymes, farnesyl 
diphosphate synthase, acetyl -CoA-acetyltransf erase, hydroxymethylglutaryl 
CoA synthase, hydroxymethylglutaryl CoA reductase, mevalonate kinase, 
mevalonate phosphate kinase, isopentenyl diphosphate .DELTA. -isomerase 
from Saccharomyces cerevisiae were transformed into expression host. DNA 
sequences for farnesyl diphosphate synthase, geranylgeranyl diphosphate 
synthase and hydroxymethylglutaryl CoA reductase as well as the sequence 
of its mutated genes were provided. The invention also provides detailed 
description of expression vector construction for the enzymes expression 
in yeast. 
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This invention provides DNA and protein sequence farnesyl diphosphate 
synthase of Saccharomyces cerevisiae and geranylgeranyl diphosphate 
synthase of E. coli . The invention also provides the process of cloning 
of farnesyl diphosphate synthase, acetyl-CoA-acetyltransf erase , 
hydroxymethylglutaryl CoA synthase, hydroxymethylglutaryl CoA reductase, 
mevalonate kinase, mevalonate phosphate kinase, isopentenyl diphosphate 
.DELTA. -isomerase from Saccharomyces cerevisiae. The invention also 
provides detailed description of expression vector construction for the 
enzymes expression in yeast and E. coli. The enzymes can be used for 
biosynthesis of prenyl ale. such as farnesol and nerolido. 
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AB The present invention relates to the prodn. of ethanol as a product of 
fermn of a thermol. Bacillus sp . In particular this invention 
relates to a novel method of gene inactivation and gene expression based 
upon homologous recombination. The invention shows that ethanol 
prodn. may be improved through stabilization of a ldh (lactate 
dehydrogenase) gene mutation using transposon mutagenesis and homologous 
recombination in Bacillus strain TN. Furthermore , the PDC operon 
contg. pdc (pyruvate decarboxylase) gene from Zymomonas mobilis 
and adh (ale. dehydrogenase) gene from Bacillus strain LN may be 
expressed in the said strain for improved ethanol prodn 

The invention further claims the prodn. of ethanol using fermn. at a 
temp, between 40-75oC and a pH of 5.5-7.5. with air sparging in the 
culture such that the redox potential is between -360 and -400 mV. 
Furthermore, a process for continuous prodn. of ethanol in which the feed 
diln. rates are between 0.3-0.8 h-1 is provided. The inventors have 
produced sporulation deficient variants of a thermophilic, facultatively 
anaerobic, Gram-pos . bacterium which exhibit improved ethanol 
prodn. -related characteristics. 
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Flux through citrate synthase limits the growth of 
ethanologenic Escherichia coli K011 during xylose 
fermentation 

Underwood, S. A.; Buszko, M. L.; Shanmugam, K. T.; 
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American Society for Microbiology 
Journal 
English 

es have shown that high levels of complex nutrients (Luria 



broth or 5% corn steep liquor) were necessary for rapid ethanol 
prodn. by the eth^^logenic strain Escherichia colJ^hoil. 

Although this strSn is prototrophic, cell d. and ^Kanol 
prodn. remained low in mineral salts media (10% xylose) unless 
complex nutrients were added. The basis for this nutrient requirement 



was 



identified as a regulatory problem created by metabolic engineering of an 
ethanol pathway. Cells must partition pyruvate between competing needs 
for biosynthesis and regeneration of NAD+. Expression of low-Km 
Zymomonas 

mobilis pdc (pyruvate decarboxylase) in KOll reduced the flow of 
pyruvate carbon into native fermn. pathways as desired, but it also 
restricted the flow of carbon skeletons into the 2 -ketoglutarate arm of 
the tricarboxylic acid pathway (biosynthesis) . In mineral salts medium 
contg. 1% corn steep liquor and 10% xylose, the detrimental effect of 
metabolic engineering was substantially reduced by addn. of pyruvate. A 
similar benefit was also obsd. when acetaldehyde, 2 -ketoglutarate, or 
glutamate was added. In E. coli, citrate synthase links the cellular 
abundance of NADH to the supply of 2 -ketoglutarate for glutamate 
biosynthesis. This enzyme is allosterically regulated and inhibited by 
high NADH concns . In addn., citrate synthase catalyzes the first 
committed step in 2 -ketoglutarate synthesis. Oxidn. of NADH by added 
acetaldehyde (or pyruvate) would be expected to increase the activity of 
E. coli citrate synthase and direct more carbon into 2 -ketoglutarate, and 
this may explain the stimulation of growth. This hypothesis was tested, 
in part, by cloning the Bacillus subtilis citZ gene encoding an 
NADH-insensitive citrate synthase. Expression of recombinant citZ in 



KOll 



was accompanied by increases in cell growth and ethanol 
prodn. , which substantially reduced the need for complex 
nutrients . 
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of bacterial fermn. In particular, the invention relates to 
ethanol prodn. by^^ermophilic strains of 
* Bacillus sp. The^Pvention describes the incorpor^Kon of 

heterologous gene pdc5 of S. cerevisiae or Z. mobilis into the chromosome 
of the gram-pos . bacterium. The bacterium is transformed with plasmid 
pFCl, more preferably with pFCl-PDCl. The invention further claims the 
prodn. of ethanol at a temp, between 40-750C. 
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production; 

by transformation with the Zymomonas mobilis pyruvate - 
decarboxylase gene / a review 
Ingram L 0; Gomez P F; Lai X; Moniruzzaman M; Wood B E; 
Yomano L P; York S W 
Univ. Florida- Inst . Food-Agr . Sci . 

Department of Microbiology and Cell Science, Institute of 
Food and Agricultural Sciences, University of Florida, 
Gainesville, FL 32611, USA. 
Email : lingramOmicro . if as .uf 1 . edu 
Biotechnol .Bioeng. ; (1998) 58, 2-3, 204-14 
CODEN: BIBIAU 
ISSN: 0006-3592 
Journal 
English 

The metabolic engineering of bacteria to convert lignocellulose into 
ethanol is reviewed. Topics include: lignocellulose is a challenging 
substrate for bioconversion; dilute hydrolysis of hemicellulose; 
enzymatic hydrolysis of cellulose; nutrients for lignocellulose-based 
fermentation; a hybrid approach for lignocellulose conversion to 
ethanol ; 

genetic engineering of bacteria to ferment hemicellulose sugars; 
improvements in ethanologenic Escherichia coli; fermentation of 
hemicellulose-derived sugars; genetic engineering of bacteria for 
cellulose fermentation; process optimization for cellulose fermentation; 

ethanol production acid- treated bagasse; 

ethanol production from office mixed waste-paper; other 

improvements in the biomass conversion; fermentation of di-, tri-,and 

tetrasaccharides; and nutrients for the fermentation of lignocellulosic 

sugars. For ethanol production, the Zymomonas 

mobilis pyruvate -decarboxylase (EC-4. 1.1.1) gene has been 

expressed in E. coli, Erwinia chrysanthemi , Klebsiella planticola, 

Klebsiella oxytoca, Enterobacter cloacae and Bacillus subtilis. 

(62 ref) 
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gram-positive microbes 

Ingram, L. ON; Barbosa-Alleyne , M. D. F. (Univ. 
Florida, Gainesville, FL, USA) 
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ive bacterium which was selected from Bacillus 
Bacillus polymyxa is disclosed which was 

with Zymomonas mobilis genes encoding alcohol dehydrogenase 
decarboxylase. Expression of the genes within the 
allows the bacterium to produce ethanol as a fermentation 
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AB The subject invention concerns the transformation of Gram-pos . bacteria 
with heterologous genes which confer upon these microbes the ability to 
produce EtOH as a fermn. product. Specifically exemplified is the 
transformation of bacteria with genes, obtainable from Zymomonas mobilis, 
which encode pyruvate decarboxylase and ale. dehydrogenase. 
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cellulase expression in Escherichia coli for improved 
ethanol production (conference abstract) 
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Journal 
Engl J 



Previously, EschWPchia coli KOll was engineered fermentation of 

mixtures of pentose and hexose sugars, and Klebsiella oxytoca P2 was 
engineered for fermentation of cellobiose (from cellulose) to ethanol by 
integrating the Zymomonas mobilis genes for pyruvate- 
decarboxylase (pdc, EC-4. 1.1.1) and alcohol -dehydrogenase (adh, 
EC-1. 1.1.1). In this study, production of recombinant cellulase 
(EC-3.2.1.4) in KOll was evaluated during pentose fermentation as a 
source of supplemental enzymes for cellulose fermentations. Cellulase 
genes from Cellulomonas fimi, Clostridium thermocellum, Erwinia sp. and 
Bacillus subtilis were tested. In some cases, high levels of 

cellulase were produced without compromising the ability of KOll to 
produce ethanol. Results indicated that it was possible to make 
significant reductions in the requirement for fungal enzymes by this 
approach, and show the potential for manufacturing recombinant protein 
products with ethanol. (0 ref) 
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AB The subject invention concerns the transformation of Gram-pos . bacteria 
with heterologous genes which confer upon these microbes the ability to 
produce ethanol as a fermn. product. Specifically exemplified is the 
transformation of bacteria with genes, obtainable from Zymomonas mobilis, 
which encode pyruvate decarboxylase and ale. dehydrogenase. A 
recombinant Bacillus subtilis expressing Z. mobilis pdc and adhB 
genes was created. 
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AB The genes encoding Zymomonas mobilis pyruvate decarboxylase 

(pdc) and ale. dehydrogenase II (adhB) were expressed in Bacillus 
subtilis YB886 (pLOI500) under the control of a Bacillus SP02 
phage promoter and caused a 50% redn. of growth rate compared with the 
unmodified vector. Expression was further confirmed by Western blots, 
activity stains of native gels, and in vitro measurements of ale. 
dehydrogenase activity. Addnl . strains of Bacillus were also 
transformed, and all produced similar but low levels of these enzymes. 
Although higher specific activities will be required for efficient 
ethanol prodn., no fundamental barriers exist to the 
expression of these Z. mobilis genes in Bacillus. Two abundant 
new proteins (ca. mass 33,000 daltons and 14,000 daltons) were obsd. in 
Coomassie Blue-stained gels; they are similar in size to the proteins 
induced by recombinant products in Escherichia coli. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB The pdk gene from Zymomonas mobilis localized in a 4.7-kbp SphI 

fragment of plasmid pB201 was subcloned into the Smal site of the M13mpl9 
vector using the Dral restriction endonuclease . The M13mpl9 derivatives 
obtained, carrying a 1.8-kbp Dral fragment in opposite orientations, were 
used to sequence the pdk gene beginning and end (about 250 bp each) and 
for site-directed mutagenesis. Using polymerase chain reaction with 
synthetic oligonucleotide primers, a BamHI site was created in front of 
the pdk gene initiating codon. The BamHI fragment harboring the pdk gene 
was cloned into shuttle vector pCB20 under the control of 11 expression 
unit 1 ' EU19035 containing bacillar vegetative promoter and 
ribosome -binding site (RBS) . The pdk gene expression was studied in the 
recombinant plasmid pCB2 0pdkI, a derivative of pCB2 0, which was shown to 
yield a high level of pyruvate decarboxylase [EC 4.1.1.1] 
synthesis in Bacillus subtilis. However, this plasmid strongly 
inhibited the Escherichia coli cell growth and was eliminated from the 
cells at a high frequency. 
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AB Bacterial hosts, excluding Escherichia coli, expressing heterologous 
genes 

for ale. dehydrogenase (I) and pyruvate decarboxylase (II) are 
used for manuf . of EtOH. II is used to prevent accumulation of acid 
metabolites. Plasmids, e.g. pLOI555 carrying genes for I and II of 
Zymomonas mobilis driven by the lac promoter, are provided for prepn. of 
the host. The method is further improved by transforming the host with 
genes for proteins that facilitate transport and metab. of 
oligosaccharides, e.g., of C5-6 sugars, which host is, preferably, also 
expressing a heterologous gene for a polysaccharase such as a 
cellulolytic 

enzyme, a xylanolytic enzyme, or a starch-degrading enzyme. These hosts 
also preferably express heterologous genes for polysaccharide- degrading 
enzymes (e.g. those degrading cellulose, xylans, or starch) . A 
cost-effective fermn. process for manuf g. EtOH from oligosaccharide 
feedstocks using a single, genetically engineered microorganism is also 
disclosed. An ethanologenic strain Klebsiella oxytoca M5A1 (pLOI555 ) was 
prepd. and was further transformed with plasmid pLOI2 003 encoding 
xylanase 

(gene xynZ) and xylosidase (gene xylB) of Clostridium thermocellum to 
obtain a transformant capable of converting xylan to EtOH. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

AB An approach to broaden the product range of the ethanologenic, 

gram-negative bacterium Zymomonas mobilis by means of genetic engineering 
is presented. Gene alaD for L-alanine dehydrogenase (EC 1.4.1.1) from 
Bacillus sphaericus was cloned and introduced into Z. mobilis. 
Under the control of the strong promoter of the pyruvate 
decarboxylase (pdc) gene, the enzyme was expressed up to a 
specific activity of nearly 1-mu-mol . min-1 . mg of protein- 1 in 
recombinant cells. As a result of this high L-alamine dehydrogenase 
activity, growing cells excreted up to 10 mmol of alanine per 280 mmol of 
glucose utilized into a mineral salts medium. By the addition of 85 mM 
NH4+ to the medium, growth of the recombinant cells stopped, and up to 41 
mmol of alanine was secreted. As alanine dehydrogenase competed with 
pyruvate decarboxylase (PDC) (EC 4.1.1.1) for the same substrate 
(pyruvate) , PDC activity was reduced by starvation for the essential PDC 
cof actor thiamine PP(i). A thiamine auxotrophy mutant of Z. mobilis 

which 

carried the alaD gene was starved for 40 h in glucose-supplemented 
mineral 

salts medium and then shifted to mineral salts medium with 85 mM NH4+ and 
280 mmol of glucose. The recombinants excreted up to 84 mmol of alanine 
(7.5 g/liter) over 25 h. Alanine excretion proceeded at an initial 
velocity of 238 nmol . min-1 . mg [dry weight]-. Despite this high 
activity, the excretion rate seemed to be a limiting factor, as the 
intracellular concentration of alanine was as high as 260 mM at the 
beginning of the excretion phase and decreased to 80 to 90 mM over 24 h. 



